ABSTRACT Background: Comparative studies on dietary patterns and longterm mortality are sparse. Objective: The objective was to examine the relations between 10-y mortality and adherence to the World Health Organization dietary guidelines [Healthy Diet Indicator (HDI)], a Mediterranean-like diet, and a carbohydrate-restricted (CR) diet in elderly Swedish men. Design: Dietary habits were determined by 7-d dietary records in a population-based longitudinal study of 924 Swedish men (age: 71 6 1 y). The HDI score (21 to 8 points), the Mediterranean Diet Score (MDS; 0-8 points), and the CR score (2-20 points) were calculated for each participant. Nonadequate reporters of energy intake were identified (n = 413). Mortality was registered during a median follow-up of 10.2 y. Cox proportional hazards regression, with multivariable adjustments, was used to determine the effects of adherence to each dietary pattern. Results: Two hundred fifteen and 88 subjects died of all-cause and cardiovascular disease, respectively. In all individuals, risk relations to mortality for each SD increment in the scores were observed for only MDS, with an adjusted hazard ratio (HR) of 0.83 (95% CI: 0.70, 0.99). Among adequate dietary reporters (n = 511), adjusted HRs for each SD increment in scores were enhanced for MDS (ie, 0.71; 95% CI: 0.55, 0.92) for all-cause mortality and 0.63 (95% CI: 0.42, 0.96) for cardiovascular mortality. Corresponding HRs for CR diet score were 1.19 (95% CI: 0.97, 1.45) for all-cause mortality and 1.44 (95% CI: 1.03, 2.02) for cardiovascular mortality. Conclusion: Adherence to a Mediterranean-like dietary pattern reduced mortality, whereas adherence to a CR dietary pattern appeared to increase mortality in elderly Swedish men, especially when only adequate dietary reporters were considered.
INTRODUCTION
Dietary guidelines are similar in most Western countries, resting on a platform built during decades of research and compiled to promote health and improve longevity in the population (1, 2) . Despite the fact that adaptations toward the official dietary recommendations have occurred in most populations, epidemics of obesity and concurrent insulin resistance have evolved. There are several plausible explanations for this-eg, a more sedentary lifestyle, larger portion sizes, and easier food access. Still, the current guidelines have not been effective in preventing the obesity epidemic. Partly as a consequence of these shortcomings, alternative diets have gained in popularity. For example, diets low in carbohydrates have proved to be efficient in weight reduction studies (3) (4) (5) , but the long-term safety of lowcarbohydrate diets remains controversial. Adverse long-term health effects have been described for carbohydrate-restricted (CR) diets in a couple of studies (6, 7) , but not all (8) . Concurrently, evidence on the beneficial effects of a Mediterraneanlike dietary pattern is accumulating (9) . Although not extensively investigated, a couple of studies indicate beneficial effects from a Mediterranean diet also in Nordic populations (10) (11) (12) .
Much of the previous research on diet and health has been focused on risk relations for individual nutrients. Due to the complexity of food and food intake, risk relations might be different when dietary patterns are considered. The dietary pattern approach is capable of capturing complex interactions between dietary components and health beyond the sum of each nutrient. This notion is supported by the results in the study by Trichopoulou et al (13) in which a Mediterranean dietary pattern was strongly related to survival, whereas the individual components were not.
Direct comparisons between dietary patterns and their relations to mortality within the same cohort are rare. Furthermore, the application of stringent criteria to circumvent the problem with systematic errors in dietary recalls is not often considered. The objective of this study was to assess the adherence to the World Health Organization (WHO)dietary guidelines, a Mediterranean-like diet, and a CR diet and investigate the relationships to total mortality and mortality due to cardiovascular disease (CVD) in a population-based study of elderly Swedish men. Particular attention was given to the often encountered systematic error in dietary recalls.
SUBJECTS AND METHODS
This study is based on the Uppsala Longitudinal Study of Adult Men cohort (http://www.pubcare.uu.se/ULSAM/). All men born from 1920 to 1924 and living in Uppsala were, at the age of 50 y (1970) (1971) (1972) (1973) (1974) , invited to participate in the study, and 82% (n = 2322) agreed to participate. The cohort was reinvestigated 10 and 20 y later. At the latter reinvestigation-ie, in the beginning of the 1990s-detailed dietary habits were assessed for the first time, when 73% (n = 1221) of available men agreed to participate. This occasion, when participants were 70 y of age, is the baseline for the present study. The study was approved by the ethics committee at Uppsala University, and all participants gave informed consent to participate.
Participants and follow-up
Dietary records (see below) were completed at a single occasion by 1138 subjects. Sixty-seven subjects with self-reported type 2 diabetes and 136 with a history of ischemic heart disease were excluded, because their conditions may have induced dietary changes. A further 26 men with weight loss .10% over the 10 y before the baseline examination were excluded. This weight loss indicated serious illness as shown by an unadjusted increase in mortality [hazard ratio (HR): 4.21; 95% CI: 2.67, 6 .64] in this subgroup compared with remaining individuals. After additional exclusions for extreme values of reported energy intake (,3200 or .18,000 kJ/d, n = 4), 924 subjects were eligible for the present investigation. A subpopulation of adequate dietary reporters was identified, as described below.
Follow-up was from the examination date for the baseline examination in 1991-1995 and to 31 December 2003, with a maximum of 12.4 y of follow-up and a mean of 10.1 y. The Swedish National Registry recording for cause of death was used to define endpoints. The register includes all Swedish citizens, which minimizes loss to follow-up. The endpoints were defined a priori as cardiovascular mortality-ie, International Classification of Diseases, ninth revision (ICD-9), codes 390-459, ICD-10 (10th revision) codes I00-I99, to comply with current European guidelines (14)-and total mortality (for additional information on ICD codes, see http://www.who.int/classification/icd/en).
Baseline examinations
All investigations were performed under standardized conditions as described (15, 16) . The investigation included a medical questionnaire and interview, blood sampling, as well as anthropometric measurements and blood pressure. Fasting blood samples were drawn and circulating lipoproteins, triacylglycerol, cholesterol, glucose, and insulin were determined as previously described (17) . High-sensitivity ELISA was used to quantify C-reactive protein (CRP) (R&D Systems, Minneapolis, MN). Insulin sensitivity was estimated with the euglycemic clamp technique as described (18) , and the insulin sensitivity index was calculated as glucose disposal rate (mg glucose infused Á min 21 Á kg body weight
21
) divided by the mean plasma insulin concentration · 100 (mU/L) during the last 60 min of the 2-h clamp. Type 2 diabetes was diagnosed if glucose values at 120 min plus one more time during 30-90 min of an oral-glucose-tolerance test were !11.1 mmol/L. The metabolic syndrome was defined according to the criteria from the National Cholesterol Education Program (Adult Treatment Panel III) (19) . Information on lipid-lowering and blood pressure-lowering treatments, smoking, physical activity, and occupational status was collected from the questionnaire. Smoking was defined as current smokers. Regular physical activity was defined as the reporting of regular or athletic leisure-time exercise habits according to 4 physical activity categories (sedentary, moderate, regular, and athletic) (20) . Three conventional social classes (based on occupational status) were used and classified according to the Central Bureau of Statistics (21) .
Dietary recall and identification of dietary nonadequate reporters
Dietary habits were determined with an optically readable form of a 7-d dietary record that was based on a validated precoded menu book (22) , which was prepared and previously used by the Swedish National Food Administration (NFA) (23) . The participants were given oral instructions by a dietitian on how to perform the dietary registration, and the amounts consumed were reported in household measurements or specified as portion sizes. The daily intake of energy and selected nutrients was calculated by using a database from the Swedish NFA containing about 1500 food items, drinks, and recipes. Dietary habits were not reassessed during follow-up.
In the whole study group, participants with extreme values of reported energy intake were excluded. However, more stringent criteria to identify nonadequate reporters of energy intake were also applied, according to the Goldberg cutoff (24) , taking the level of physical activity and calculated basal metabolic rate into consideration. In this procedure, an acceptable range of energy intake is identified for each subject in relation to estimated energy expenditure-ie, producing a 95% CI for energy intake that is required for weight maintenance. Subjects with reported energy intake outside the 95% CI were regarded as nonadequate reporters. Two subjects reported energy intake exceeding their calculated need, and 411 subjects reported lower energy intake than their expected need and were thus classified as nonadequate reporters. With this strategy, a subpopulation of adequate reporters was created (n = 511).
Assessment of dietary patterns
Dietary patterns were defined according to previously published dietary scores, as shown in Table 1 . Depending on the definitions, dietary variables were energy adjusted before scoring either by dividing the nutrient value with total energy intake (nutrient density) or by using the residuals from the regression of nutrients to total energy intake (residual method), as described (25) . Dietary pattern scoring was performed in the 2 populations-ie, all and adequate reporters-separately.
Healthy Diet Indicator
The Healthy Diet Indicator (HDI) is based on dietary guidelines from the WHO and includes mainly nutrient-based but also some food-based targets (26, 27) . If a person's intake matched the preset (and desirable) range for included food components, variables were coded as 1; otherwise, they were coded 0. The HDI was modified (see Table 1 footnote) to match the dietary guidelines advocated by the Swedish NFA (28) , which are based on the Nordic Nutrition Recommendations from 2004 (29) . The modified HDI score could take a value from 21 to 8 points, and individuals were categorized according to the adherence to HDI in low-adherent ( 1 point), medium-adherent (2-4 points), and high-adherent (!5 points) individuals. For all dietary scores, the cutoffs were chosen to be able to compare extreme groups of comparable and reasonable sizes, and cutoffs are similar to those applied in previous studies (6, 13, 27) .
Mediterranean-like diet
The Mediterranean Diet Score (MDS) (13) was applied with slight modifications (see Table 1 footnote). The MDS is a population-dependent quality score using dietary intake medians as cutoffs for food components typical of a Mediterranean diet. Compared with the HDI, the MDS is based more on food categories but also includes alcohol and fatty acids. An intake on the favorable side of the median was coded 1; otherwise it was coded 0. The population medians (interquartile range) in energyadjusted grams per day for each MDS component in the whole study sample and in adequate reporters were 67 (38-104) g and 75 points), medium-adherent (3-5 points), and high-adherent (!6 points) individuals.
CR diet
The CR diet score applied in our study distinguishes individuals according to their intake of energy-adjusted carbohydrates and proteins, as previously described (6, 7). The cohort was divided into deciles according to the carbohydrate and protein intakes, respectively, and the individuals were assigned a score from 1 to 10 due to decile participation. Increases in carbohydrate intake yielded a descending score (10 points to the lowest intake) and, inversely, increases in protein intake resulted in an ascending score (10 points to the highest intake). Consequently, the CR score could take a value from 2 to 20 points. Subjects were categorized as low-adherent (2-6 points), medium-adherent (7-15 points), and high-adherent (16-20 points) individuals.
Statistical analysis
All analyses were performed with use of the STATA statistical package (Intercooled STATA 10.0 for Windows; Stata Corp, College Station, TX), and significance was set at 0.05. Group comparisons (see supplemental material under "Supplemental data" in the online issue) were performed with unpaired t tests and analysis of variance if data were normally distributed and with Kruskal-Wallis and Mann-Whitney U tests if distributions were skewed. Differences in proportions were calculated with chi-square tests. Cox proportional hazards regression analysis was used to calculate HRs with 2-tailed 95% CIs for overall and cardiovascular mortality by adherence to the respective dietary scores-ie, by level of adherence (groups)-and by each SD increment. Proportional hazard assumptions were confirmed by Schoenfeldt's test. Cox analyses were performed separately in the large study sample (including subjects assessed as nonadequate dietary reporters) as well as in the subpopulation of adequate dietary reporters. The independent contribution to mortality from adherence to the various diet scores was tested by adjusting with population-specific covariates that showed a group difference (for any of the dietary scores) with a P value , 0.20 (see Supplemental Tables 1 and 2 under "Supplemental data" in the online issue). Body mass index, insulin sensitivity index, and waist circumference were different between groups, but due to strong colinearity only the latter was used in the adjustment models. In both populations, model 1 included energy intake (continuous), smoking (yes or no), and social class (low, middle, high). Model 2 applied in the whole study group included, apart from the variables in model 1, the presence of type 2 diabetes, the metabolic syndrome, lipid-lowering treatment, blood pressure-lowering treatment, and waist circumference (continuous), diastolic blood pressure (continuous), fasting insulin (continuous), and CRP (categorized as normal, ,3 mg/ L; slightly elevated, 3-10 mg/L; and elevated, .10 mg/L). Model 2 applied in the subpopulation of adequate reporters included, apart from the variables in model 1, waist circumference (continuous), fasting glucose and insulin (continuous), and CRP (categorized as above). Subjects with missing data for covariates were not included in the adjusted models. Information on lipidlowering treatment was missing in 13 subjects, waist circumference in 15 subjects (n = 5 in adequate reporters), fasting insulin in 29 subjects (n = 14 in adequate reporters), and CRP in 30 subjects (n = 20 in adequate reporters).
RESULTS

Baseline characteristics
Compared with dietary nonadequate reporters, adequate reporters had a lower frequency of the metabolic syndrome, higher HDL cholesterol, and lower body mass index, waist circumference, glucose, insulin, and CRP concentrations (data not shown). The apparently healthier state of adequate reporters is further shown in Supplemental Tables 1 and 2 under "Supplemental data" in the online issue, which presents baseline characteristics in relation to adherence to each diet score in the whole study group and adequate reporters, respectively. In addition, these data indicate that clinical characteristics in relation to dietary adherence groups differed between the whole study group and adequate reporters. Thus, modulators of long-term risk may not be identical, and population-specific covariates were identified and applied in the subsequent risk analyses for CVD and total mortality.
The CR diet was a moderate, low-carbohydrate diet with a mean (6SD) carbohydrate intake of 43 6 3% energy in the highadherent group of adequate reporters. For the 7 participants belonging to the lowest decile for carbohydrate intake and the highest decile for protein intake, equivalent to 20 p in the CR score, the mean energy-adjusted intake of carbohydrates and proteins was 40 6 2% energy and 18 6 2% energy, respectively. The corresponding values for the 12 participants simultaneously belonging to the deciles with the highest intake of carbohydrates and the lowest protein intake-ie, CR score equivalent to 2 points-were 60 6 8% energy and 12 6 1% energy, respectively.
Mortality and dietary patterns
During the follow-up period of (median) 10.1 y (8846 personyears at risk), 215 died (23%): 88 (10%) deaths were due to CVD. In the subpopulation of adequate reporters, the corresponding numbers were 10.2 y (4954 person-years at risk) and 107 deaths (21%), 41 (8%) of which were due to CVD.
HRs for mortality for each SD increment in the dietary scores and for degree of adherence (low, medium, high) for each dietary pattern with use of the whole study group, including nonadequate dietary reporters, are shown in Table 2 . By this approach, no consistent relations to total or CVD mortality were found for either the HDI score or CR score. In contrast, each SD increment in the MDS showed a reduced HR for total mortality by 18% in the confounder-adjusted model and by 17% in the fully adjusted model. With use of low-adherent individuals as a reference group, HR for total mortality was reduced in MDS high-adherent individuals by 45% in the confounder-adjusted model and by 44% in the fully adjusted model.
Next, similar calculations were performed after exclusion of nonadequate dietary reporters. As shown in Table 3 , a somewhat different picture emerged. There was still no significant relation between mortality and HDI score, neither when evaluated as a continuous variable nor when grouping into low, medium, and high adherence to the HDI dietary pattern. The potential protective effects from the Mediterranean-like diet (MDS) emerged more clearly. Each SD increment in the score was related to a 29% risk reduction in total mortality and a 37% risk reduction in CVD mortality in the fully adjusted model. With low-adherent individuals as a reference group, high adherence to the Mediterranean-like diet was associated with a 74% reduction in total mortality and an 81% reduction in CVD mortality in the fully adjusted model. In contrast, each SD increment in the CR diet score was associated with a nonsignificant 19% increased risk in total mortality (P = 0.09) and a 44% increased risk in CVD mortality (P = 0.03) in the fully adjusted model. With lowadherent individuals as a reference group, high-adherent individuals to the CR diet had a nonsignificant doubled risk of total mortality in both confounder-and fully adjusted models (P = 0.05 and P = 0.06, respectively). In turn, high-adherent individuals to the CR diet had a 5-fold increased risk of CVD mortality in the confounder-adjusted model (P = 0.04), which became nonsignificant after additional adjustments for potential intermediates (P = 0.08).
Unadjusted survival curves in low-, medium-, and highadherent individuals of each diet score, as shown among the adequate reporters, are presented in Figure 1 , A, B, and C.
DISCUSSION
In this population-based study of elderly men, health effects from the adherence to predefined dietary patterns are described. The current data contribute 3 important findings. First, in line with previous reports, a Mediterranean-like diet was found to be beneficial, with a 17% reduction in 10-y total mortality for each SD increment in the 0-8-point score. Second, when adequate dietary reporters were considered, the protective effects from a Mediterranean-like diet was enhanced, showing a 29% risk reduction in total mortality and a 37% risk reduction in CVD mortality for each SD increment in the score (fully adjusted). Moreover, a moderately CR diet was associated with increased mortality after adjustments for potential confounders, with a nonsignificant 20% increased risk in total mortality and a significant 50% increased risk in CVD mortality for each SD increment in the 2-20-point score. Third, the identification of dietary nonadequate reporters affected the subsequent risk analyses, underscoring the importance of considering misreporting in dietary studies.
Recently, CR diets have been proposed as alternative steps to combat the global obesity epidemic that has emerged during the latter decades. Indeed, such diets have strong short-term weightreducing effects (30) , but longer term studies, 2 y, indicate no difference between weight-reducing regimes (3, 4) . Advocates of CR diets usually recommend increased fat intake with no restrictions on saturated fat. Current consensus is that saturated fat intake should be limited to reduce cardiovascular risk (1, 2) . Thus, concerns have been raised about the long-term safety of CR diets. Only a few previous studies have investigated the longterm health effects of a high-protein CR diet. Such a diet, defined as in the present study, was associated with increased mortality in a general Greek population (7) and with increased CVD mortality in 30-to 49-y-old Swedish women (6) . However, in the Nurses' Health Study, no relations to coronary heart disease were found for a CR diet score, which also included fat intake (8) . A recent 2-y study showed that a CR, high-fat diet reduced body weight and improved serum lipids in overweight individuals (3) . In that study, the ingested fats were mainly of unsaturated origin. In the present study, an inverse relation between the polyunsaturated:saturated fat ratio and CR adherence was observed (data not shown). However, the amount of carbohydrate intake in that study was similar to what was observed in individuals that adhered to the CR diet in the present study. It could be speculated that in a short-term perspective, low-carbohydrate diets may stimulate a dietary change in highly motivated subjects that results in negative energy balance and weight reduction. In the long run, the risk may be that the CR diet would induce harmful effects, because the diet is abundant in energy-dense foods, low in fruit and vegetables, and has a fat composition that might be unfavorable. From this point of view, data from the present prospective observational study and previous publications (6, 7) argue against the long-term safety of CR diets. In this study, we further described survival benefits from the adherence to a Mediterranean-like diet. It is important to stress, however, that a high MDS score does not per se reflect a true Mediterranean diet, especially in a non-Mediterranean population. A number of previous studies have suggested that a Mediterranean diet may prevent overweight and obesity and reduce total and CVD mortality (9, 31) . In a recent meta-analysis including 9 studies (9), the pooled relative risk estimate for overall 4-12-y mortality was 0.91, with a variation from 0.48 to 0.93. Although the health effect from a Mediterranean diet varies between populations (12), the magnitude of the beneficial effect detected in the currently presented population is comparatively high. It is uncertain whether this is a population-specific observation, an effect of the MDS-modifications performed, or can be explained by the use of 7-d dietary records in the present study.
Previous publications have detected significant risk reductions of '10-15% in total mortality from HDI adherence (27, 32) . In the current study, no association between the WHO dietary guidelines and mortality was observed. However, the application of HDI with strict ranges and firm cutoffs for the composite components will be insensitive to capture the diversity of the diet. As a consequence, participants tend to cluster in the middle with subsequent loss of power. Considering the low number of individuals identified as highly adherent to HDI in our population, this likely contributes to the absent relationships between HDI and mortality in this study. One could speculate, though, that if HDI adherence was calculated with use of the same population-based technique as for MDS, HDI would also emerge as promoting health.
The underlying explanation for the relations between dietary patterns and mortality described in this study is not fully explained. Most important, our risk estimates were adjusted for potential confounders, which may have influenced diet-disease relations. Physical activity is a classical confounder in this context, but we did not adjust for physical activity due to a lack of difference between dietary pattern groups. However, additional adjustments for physical activity did not influence the risk estimates presented. Furthermore, risk relations were essentially unchanged after adjusting for potential intermediates, such as abdominal obesity, inflammation, and insulin resistance, suggesting the occurrence of unidentified risk mediators and residual confounding in the present investigation. Interestingly, a recent experimental study in mice showed a diet low in carbohydrates and high in protein to induce adverse vascular effects by reducing the number of bone marrow and peripheral blood endothelial progenitor cells (33) . Adverse vascular effects from a low-carbohydrate diet were also indicated in a 6-wk study on obese subjects on an Atkins-style diet (34) . These data on health effects from a low-carbohydrate diet may be of relevance for the increased risk of mortality associated with CR diet in the present study. There are several limitations as well as advantages of this study. One limitation is that only elderly men were investigated, and the generalizability of our findings to women or other age groups is uncertain. The sample size was limited. However, the observation period of '10 y is fairly long and appropriate for a population that is 70 y old at baseline, as evidenced by a mortality rate of .20%. Another limitation is that close to one-half of the participants were not able to give an adequate dietary recall, as evidenced by a high degree of unacceptable reporting. This limitation is concurrent with many similar studies, as unacceptable reporting always is an important issue, especially in overweight subjects. A corresponding strength of the study is the endeavor to take this limitation into consideration. It is likely to think that the conclusions drawn from adequate dietary reporters are safer than those drawn from a population where nonadequate reporters are included. The size of the study group considered as adequate dietary reporters was small, which indicates that they may not have been representative for the whole group. Nevertheless, the individuals considered as adequate dietary reporters were healthier at baseline compared with the nonadequate reporters, indicating that the relations to mortality may have been underestimated rather than overestimated in this study. Further advantages of the study include its prospective nature, the population-based sample, the use of 7-d food records (instead of food-frequency questionnaires), and the use of scores previously applied in studies relating dietary patterns with mortality. In addition, official registry data on mortality and cause of death with high reliability and virtually no loss to follow-up were used.
The question of whether or not adherence to certain dietary patterns is advantageous is a major public health issue. CR diets have gained in popularity, but our observations indicate adverse effects from such a dietary pattern. Whether this is a true diet effect from reduced carbohydrate intake or increased fat intake cannot be surely deduced from this prospective cohort study, but the study adds further knowledge to the field. Conversely, beneficial effects were observed for dietary patterns reflecting Mediterranean habits. Our data indicate that a Mediterranean-like pattern with more focus on dietary food choices than nutrient composition have strong health-promoting effects, but whether this diet is superior to the official recommendations is undetermined and remains to be resolved.
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